Background. Delirium is a common and devastating condition which has been well characterized in elderly cancer patients, but little is known about delirium in cancer patients under the age of 65. Aim. A pilot study to explore the incidence and potential causes of delirium in hospitalized advanced cancer patients at the age of 18-56 years. Design. A retrospective chart review using validated instruments was used to examine the charts of hematology-oncology admissions in a large academic institution. Data was collected as to the likelihood of delirium and potential precipitants. Results. Delirium incidence was 29% among advanced cancer patients. The associated precipitants of delirium were multifactorial, the most common being medications and infection. Delirium was more common in patients admitted for either acute symptom management or the presence of a lung malignancy. Patients with delirium demonstrated significantly increased total hospital cost and a borderline significant result for increased mortality compared to those without delirium. Conclusions. Delirium is common in hospitalized advanced cancer patients (age 18-56 years) and the cause is typically multifactorial. Delirium results in a more complicated hospital course and likely increased mortality. Further research is needed to define strategies to prevent and treat this common and distressing condition.
Introduction
Delirium is a rapidly developing disturbance in consciousness that includes confusion, disorientation, hallucinations, and agitation. Symptoms fluctuate during the day and are caused by a medical condition. Delirium is common (18-44%) in hospitalized patients with cancer and has a significant negative impact on patients, families, and caregivers [1] [2] [3] . Delirium has been correlated with a host of negative outcomes including the following: patient distress and increased rates of mortality, cognitive impairment, dementia, depression, posttraumatic stress disorder, and poor quality of life [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Although the negative impact of delirium is well established, it remains underrecognized and undertreated. In advanced cancer patients, staff missed the diagnosis of delirium 44% of the time and younger patients were more likely to be misdiagnosed [14, 15] . The majority of delirium research has not included younger patients with advanced cancer, leading to a focused gap in our knowledge. With few exceptions, studies of delirium have been in older patients demonstrating a prevalence of 28-48%; however, early data indicate that delirium may be common in cancer patients under the age of 56, with an incidence over 50% in some cancer populations [16, 17] .
Once delirium develops, initial management involves treating the underlying medical cause. Studies have shown that the cause of delirium is typically multifactorial [2, 18, 19] . Both risk factors and precipitating causes of delirium have been identified in older patients with cancer. Risk factors include advanced age and cognitive impairment, while associated precipitants include hematological malignancies, medications, hypoxia, dehydration, and inflammation. Studies of 2 causes, however, report inconsistent results which may be related to variations in the populations being studied or the causes of delirium may be disease specific [2, 18, [20] [21] [22] [23] . This pilot study was designed to use previously validated chart review methods to explore the incidence and associated precipitants of delirium in hospitalized patients with advanced cancer, age 18-56 years [23, 24] . Subanalysis was performed to explore delirium impact on mortality, hospital cost, and length of stay. The data from this pilot study provides information on the rate of delirium in hospitalized patients with advanced cancer, aged 18-56 years, and will be used to support the need for further funding to study the actual incidence of delirium and to design a delirium prediction model for this population.
Materials and Methods

Patients.
Institutional review board (IRB) approval was obtained to examine the charts of hematology-oncology admissions (age 18 to 56 years) at a large academic hospital in 2009. Dementia is increasingly common in patients older than 65 years. 56 years was used as the upper age in order to limit the confounding factors of a preexisting cognitive impairment or dementia. There were 787 hematologyoncology admissions in 2009 and, of those, the first 12 admissions for each month were selected for the chart review. If multiple admissions from the same patient appeared in the sample, one admission was randomly chosen and the others were excluded to preserve independence among observations. Thirty charts were excluded because the patient did not have advanced cancer ( = 26) or cancer had not been confirmed ( = 4). Advanced cancer was designated as cancer which has spread beyond its site of origin or any cancer with a poor 5-year survival (e.g., pancreatic cancer) [25] . A detailed chart review for delirium was completed for 111 admissions with 28 repeat admissions eliminated ( Figure 1 ). The reasons for admission were divided into four categories: surgical resection, chemotherapy, acute symptom management, or hematopoietic stem cell transplantation.
Chart
Review. Chart reviews were conducted by physicians dually trained in both family medicine and psychiatry with extensive delirium experience. The charts selected for full review were examined using Inouye's validated method to determine delirium by chart review [24] . This method involves a detailed review of all aspects of the chart looking for surrogate descriptors for delirium, such as confusion or mental status changes. Inouye's chart review instrument was 74% sensitive and 83% specific in elderly hospitalized patients when compared with the confusion assessment method for diagnosing delirium. Inouye's original study showed that the most common factors associated with incorrect delirium identification were dementia, severe illness, and a high baseline delirium risk. Inouye concluded that the chart review instrument was not appropriate for individual patient care; however, it is an effective, easy way to expand delirium identification. All entries into the electronic medical record were reviewed in detail to determine if key terms for identification of delirium were present. The presence and then absence of key terms for delirium were used to determine the length of the delirium episode. We used Brauer's instrument for determining the cause of delirium in elderly patients following a hip fracture which classifies possible causes of delirium into 8 categories (drug induced, infection, fluid-electrolyte disturbance, metabolic and endocrine disturbances, cardiopulmonary compromise and/or hypoxia, alcohol and drug withdrawal, and sensory/environmental) [23] . The causes are then classified as definite, probable, possible, or comorbid based on the number of criteria present for each case.
Patient survival was determined by electronic medical record review and query of both the Cancer Center database and the social security website for date of death. Available cost data was obtained from hospital administration and consisted of in-total hospital costs, which includes all actual costs for the hospitalization (physician charges, medication, room charges, tests and procedures, etc.).
Statistics.
Statistical analysis was conducted using SAS 9.2 for Windows (SAS Institute, Inc., Cary, NC) and the Kaplan-Meier plot was constructed using R, version 2.13.0 (R Project for Statistical Computing, http://www.r-project .org/). Unless otherwise noted, all analyses were performed with the final sample of 83 advanced cancer patients described in the Patients section. Standard descriptive statistics (age, sex, and race) were tested with a Wilcoxon rank-sum, independent samples -test, Pearson chi-square, or Fisher's exact test to compare those with and without delirium. Fisher's exact test was used for sparse data with race while the Wilcoxon rank-sum test was used for nonnormal age data. The age distributions for those with and without delirium had dissimilar shapes, which allowed for a rejection of the ranksum null hypothesis due to factors other than different medians. A -test was used on the log of age to verify results from the rank-sum test. Every patient had a single type of cancer and a single reason for admission associated with hospital admission. A Fisher's exact test was used to compare delirium status with cancer incidence and admission reason. Linear regression models were utilized to measure the association between delirium status and the length of hospital stay and total hospital cost. Regression analysis was chosen because it allowed for the control of confounders; for these models, age and sex were considered potentially confounding variables. Regression diagnostics revealed that both models severely violated the assumptions of homoscedasticity and normality of the residuals. To remedy this, the log of length of stay and the log of total cost were used as responses in their respective models. Three patients had outlying lengths of stay (35, 38, and 52 days), so results were reported with and without their influence. Four patients had outlying total costs greater than $100,000, so results were reported with and without them in the sample. Detecting outliers is a subjective activity, so it deserves explanation. For this study, observations were considered outliers if their location was distant from other observations and did not appear to be following the same pattern defining the rest of the data, as based on a histogram or box plot. They were determined not to be erroneous values; instead they were abnormal occurrences that had substantial influence on estimates gleaned from the regression analyses.
Many patients died within 12 months of admission, so it was of interest to explore the association between delirium status and mortality. By creating an exact logistic regression model with death status within 12 months of admission as the response, this association was measured (controlling for age and sex). An exact logistic regression model was constructed to analyze the association between advanced cancer status (advanced cancer or no advanced cancer) and death status within 12 months of admission. This model also included 26 of the 30 charts with no indication of advanced cancer; the 4 charts without definitive evidence of cancer were excluded. A Kaplan-Meier plot was constructed for patients with and without delirium ( Figure 2 ). Patients would be considered censored if they were still alive on the first of January, 2011, and all-cause mortality was considered the event. Patients were entered into the survival analysis beginning with their admission to the hospital.
values less than 0.05 were considered significant and all tests were two-tailed.
Results
Nine of the patients were delirious at the time of admission. Additional 15 patients developed delirium during admission. Overall, 24/83 (29%) of the charts showed evidence of delirium during hospitalization (Figure 1 ). The mean length of delirium was 5.04 days (median 2 days, range 1 to 32). Of the 20 patients with delirium who were alive at discharge, 6 patients (30%) still showed evidence of delirium on the day of discharge.
Overall sample characteristics can be seen in Table 1 . Sex and race did not show significant evidence of being related with delirium, but age did. The mean age of those with delirium is 51.42 (median 51.50) and those without 43.03 (47.0), with the Wilcoxon rank-sum test resulting in < 0.01. The rank-sum results for age were verified with a -test performed on the log of age ( < 0.0001). Delirium was associated with cancer type and reason for admission ( < 0.01 and <0.0001, resp.). The incidence of each type of cancer by delirium and each admission reason is recorded in Table 1 . Delirium frequency was higher for those with lung cancer (86%, 95% CI 42% to 99%), in patients who had a nonelective admission for acute symptom management (58%, 95% CI 39% to 75%), and in patients admitted for hematological stem cell transplantation (44%, 95% CI 14% to 79%). No patients were admitted for surgical resection, and only 3% (1/32) of patients were admitted for chemotherapy, developed delirium. The consensus causes of delirium are shown in Table 2 . The 24 patients with delirium were evaluated for eight different potential causes (each cause had 3 criteria). Patients were classified with associated precipitants a total of 70 times. A definite cause was found 2 times, probable causes were found 40 times, and possible causes were found 2 times. Five identifiable causes were found to be comorbid 26 times. The most frequent causes were medications and infection. There were no causes assigned to sensory/environmental (defined as pre-existing dementia or severe visual or hearing impairment) or drug withdrawal. While controlling for the confounding effect of age, having delirium was found to increase length of stay by 48.64% (95% confidence interval −8.45% to 141.34%) but was nonsignificant with = 0.11. (Table 3 ). Removing the three outliers provided a nonsignificant ( = 0.57) estimate of 14.19% (95% CI −28.50% to 82.37%). These nonsignificant results for the effect of delirium on length of stay were verified by using a Wilcoxon rank-sum test stratified by a categorical representation of age. Neither age nor sex was determined to be a confounder between delirium and total cost, so estimates were made with a simple model. The presence of delirium significantly increased total cost by 105.70% (95% CI 27.99% to 230.60%) with < 0.01. Removal of the outliers led to an estimate of 58.86% with = 0.04 and a 95% CI of International Journal of Palliative Care 5 2.46% to 146.31%. These significant results were then verified with a Wilcoxon rank-sum test. With age included as a confounder, the odds ratio for having delirium and dying within 12 months of admission was found to be 3.67 (95% CI .96 to 17.58) but was not significant with = 0.06 ( Table 4 ). The confounding effect of age on the relationship between having delirium and dying within 12 months of admission was substantial. Without controlling for this effect, the odds ratio was 6.21 (95% CI 1.78 to 28.09) with < 0.01. With age included as a confounder, the odds ratio for having advanced cancer and dying within 12 months of admission was 15.79 (95% CI 3.36 to 151.93), with < 0.0001. Only 2 of the 26 patients (8%) who did not have advanced cancer died in the 12 months following admission, while 46 of the 83 patients (55%) with advanced cancer died in the 12 months following admission. Of the 83 patients with advanced cancer, a larger proportion of the patients died in the group with delirium (20/24) versus those in the group without delirium (26/59) within 12 months of admission. Figure 2 uses a Kaplan-Meier plot to illustrate how delirium affects survival probability.
Discussion
The results of this pilot study suggest that delirium is common in hospitalized patients with advanced cancer, age 18-56 years, and that the causes for delirium are multifactorial. The majority of studies examining delirium in cancer patients looked at older patients or patients who were admitted for a terminal admission. This study suggests that advanced cancer patients under the age of 56 should also be considered to have a high risk for developing delirium. Ljubisavljevic and Kelly, examined 113 patients (mean age 53) admitted to a general oncology ward and found a delirium incidence of 18%; however, this sample was not specific to patients with advanced cancer [2] . Our incidence is very close to Neufeld's 2010 study which demonstrated a delirium incidence of 26% on a general oncology ward based on a prospective, goldstandard, psychiatric interview [26] . It is worth noting that Neufeld included all adult oncology patients admitted to a general oncology ward (age range 46-70) and did not define whether disease stage was related to the development of delirium. Our finding that delirium was very common in patients with lung cancer (6/7 patients had delirium) may be demonstrating a previously unexplored risk that may be related to the age of the patient or a cardiopulmonary cause (such as hypoxia) which is common in these patients. While the finding is provocative, given the small sample size, it is preliminary and larger studies are needed to show if lung cancer places a patient under the age of 56 at higher risk for developing delirium.
We identified a definite cause of delirium in only 2 patients. The majority of cases were classified as possible or comorbid, indicating that several factors likely contributed to developing delirium. These results are similar to Brauer who found that the majority of delirium causes were multifactorial and hypothesized that differences in causes exist in different populations [23] . Our population of younger cancer patients 6 International Journal of Palliative Care showed different risk factors than Brauer's population, which consisted of elderly patients following a hip fracture. Not surprisingly, the biggest difference was the lack of impact from sensory/environmental factors. Brauer was also able to place a more definitive classification on the cause of delirium in his population of elderly patients. It is possible that if we had prospectively looked for both delirium and risk factors/causes, our findings may have resulted in more definitive causes of delirium. Nevertheless, we believe this is unlikely and believe that the observed variance in assignment of cause was mainly the result of differences in patient populations. It more likely reflects the underlying medical severity of these patients which is supported by the fact that the majority of patients who developed delirium were acutely ill and were admitted for symptom management not chemotherapy.
This study suggests that patients with delirium require more expensive care, but substantial evidence was not found to show that they remain in the hospital longer. Ljubisavljevic showed that delirium doubled the length of stay from 4.5 to 8.8 days in 156 general oncology admissions despite an average delirium duration of 2.1 days [2] . This pilot study showed a longer average duration of delirium (5 days) which may be related to our patient population only including patients with advanced cancer. The increased mean length of stay is better correlated with the average length of the delirium in this study, but the wide variation makes drawing a definitive conclusion difficult and further studies are needed.
This study was designed to be exploratory in nature and, while the results are not unexpected, the findings are less than certain given the manner of data collection and the use of a chart diagnosis to identify delirium. Both the retrospective nature of the study and the use of charting to identify delirium introduce unavoidable bias and the true incidence of delirium may be either higher or lower. In general, a retrospective design tends to diminish the sensitivity of detection. Additionally, we suspect that the true incidence of delirium is higher given the fact that we relied on the medical records to determine if a patient showed evidence of delirium, which necessitates that the signs of delirium are both noticed and documented. Studies have shown that symptoms of delirium are often not noticed [27] , especially if the patient is not agitated. In addition, Inouye found more false negatives in patients with severe illness (false positives were more common in patients with dementia) and our population included patients with severe illness but not dementia. Alternatively, it is also possible that the true incidence of delirium is lower and we were overvigilant in reviewing the medical records. This instrument may be more sensitive at identifying patients who may have experienced subsyndromal delirium but would not have met full criteria for delirium upon formalized testing. The retrospective nature of the chart review also calls into question the determination of delirium in patients with central nervous system involvement. The chart review instrument depends on documentation of confusion, which may be more common in patients with CNS damage and indicative of the CNS damage and not an underlying delirium. In addition, there was a trend towards delirium in older patients (Table 1) which was not significant. Another limitation of this study was the small sample size. The sample size contributed to having broad confidence intervals and, as a result, hindered the accuracy of statistics and their usefulness as a representation of the population parameters they aimed to estimate. A larger prospective study would provide clarity.
Conclusions
This study provides evidence that delirium is common in patients, age 18-56 years, with advanced cancer and delirium causes may be population/disease specific. It also suggests that delirium increases the cost of hospitalization. Little delirium research has been carried out in this patient population. In order to design an effective treatment and prevention strategy it will be important to understand which cancer patients are affected by delirium. Data from this pilot study is being used to design further studies to prospectively identify delirium and risk factors in hospitalized patients with advanced cancer, age 18-56 years. It is hoped that those studies will provide data to design targeted prevention studies.
